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Abstract—Digital  photographs  are often  used  in  treatment 
monitoring for home care of less advanced pressure ulcers. We 
investigated assessment agreement when stage III and IV pres-
sure ulcers in  individuals with spinal cord injury were evalu-
ated in person and with the use of digital photographs. Two 
wound-care nurses assessed 31 wounds among 15 participants. 
One nurse assessed all wounds in person, while the other used 
digital photographs. Twenty-four wound description categories 
were applied in the nurses’ assessments. Kappa statistics were 
calculated to investigate agreement beyond chance  (p < or = 
0.05). For 10 randomly selected “double-rated wounds,” both 
nurses  applied  both  assessment  methods.  Fewer categorie s 
were evaluated for the double-rated wounds, because some cat-
egories were chosen infrequently and agreement could not be 
measured.  Interrater agre ement  with  the  two  methods  was 
observed for 12 of the 24 categories (50.0%). However, of the 
12 categories with  agreement beyond chance, agreement wa s 
only “slight” (kappa = 0–0 .20) or “fair” (kappa = 0.21–0.40) 
for 6 categories. The highest agreement was found for the pres-
ence  of undermining  (kappa  = 0.85 3, p <  0.001).  Interrater 
agreement was similar to intramethod agreement (41.2% of the 
categories  demonstrated agr eement  beyond  chance) for the 
nurses’ in-person assessment of the double-rated wounds. The 
moderate agreement observed may be attributed to variation in 
subjective perception of qualitative wound characteristics.
Key  words:  bedsore,  decubitus  ulcer,  digital  photography, 
home care, pressure sore, pressure ulcer, spinal cord injury, 
telemedicine, veterans, wound assessment.
INTRODUCTION
Pressure  ulcers (hereafter also  referred  to as 
“wounds”) are a common and potentially life-threatening 
complication of spinal cord injury (SCI), remaining one 
of the most prevalent causes of long-term morbidity in 
individuals with SCI [1]. In a study involving retrospec-
tive medical record review of hospital admissions for 168 
individuals  with  SCI  over a 20-year period, recurrent 
hospital  admissions  due to sta ge  IV press ure  ulcers 
occurred in 54 percent of those followed, with 34 percent 
requiring three or more hospital admissions for wound 
treatment. Hospital admissions for pressure ulcers repre-
sented more than half the total number of inpatient days 
among the study sample [2].
Treatment of advanced (stage III or IV) pressure ulcers 
in  veterans  with  SCI is ty pically  performed  in-hospital 
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at regional Department of Veterans Affairs medical cen-
ters, with resolution of wounds often taking several months 
to complete. During this time, the patients are confined to 
bed, further limiting their mobility, independence, ability to 
work, participation in normal activities of daily living, and 
pursuit of needed rehabilitation programs. When wounds 
develop, individuals with SCI commonly experience loss 
of productivity, income, social activities, and self-esteem 
[3]. Secondary complications  associated with being con -
fined  to  bed  (e.g.,  deterioration  in  respiratory  capacity, 
bone loss, and loss of muscle  tone) may also  occur [4]. 
From a health system perspective, the cost of treatment for 
a stage III or IV pressure ulcer is estimated to be as much 
as $100,000 per episode [5].
Cost-effective prevention and management of pres-
sure  ulcers  among  individuals  with  SCI are th erefore 
urgently needed. In addition,  access barriers to effective 
wound treatment should be reduced for those who are 
unable  or unwi lling  to attend   lengthy inpatient stays. 
Currently, home care nurses,  under the supervision of a 
physician, may treat an individual with a less severe pres-
sure ulcer in the home. As with inpatient care, an essen-
tial  component of ef fective  home-based  treatment  is 
close monitoring of wound status and progress toward 
healing.  At  present, this   monitoring  is  accomplished 
through digital photographs of the patient’s wound taken 
by the home care nurse during each visit and then trans-
mitted  to  the  supervising ph ysician  for review .  What 
remains uncertain is the equivalency of wound as sess-
ments via digital photographs with those performed dur-
ing in-person evaluation, specifically for more advanced 
pressure ulcers.
A number of previous studies have investigated the 
use  of  digital  photography  and  various  telehealth 
approaches for wound assessment and treatment 6–15. 
Fewer have investigated the equivalency of using digital 
photographs for wound assessment, as compared with in-
person  evaluation  9,11–13.  Of this subset of  studies, 
only the work of Kim et al. adequately adjusted for agree-
ment between the two forms o f wound assessment (in-
person and digital photograph) expected by chance [12].
The level of assessment agreement found by Kim et 
al. varied across the five d escription categories included 
in their study. Assessment agreement between the two 
methods (in-person and digital photograph) ranged from 
60 to 100 percent and was generally equ ivalent to the 
level of agreement observed among all in-person assess-
ments. In the study, a mixture of patient groups, wound 
etiologies, and wound assessor experience and training 
was included. These potential confounding fac tors may 
have  negatively  influenced the   levels  of as sessment 
agreement observed.
To meet our future trea tment objectives and further 
clarify the equivalency of wound assessment using digi-
tal photographs with in-person evaluation, we conducted 
a  study  in whic h  patient  group,  wound  etiology,  and 
wound  assessor  background  were controlled. Spe cifi-
cally, only stage III and IV pressure ulcers occurring in 
individuals with SCI were included and two wound-care 
nurses of similar training an d length of experience per-
formed the assessments. We hypothesized that by con-
trolling  for possible confou nders,  we  would observe 
higher levels of agreement than previously reported (e.g., 
by Kim et al. [12]) between assessments made in person 
and using digital photographs.
METHODS
Study participants were recruited among inpatients of 
the Spinal Cord Injury  and Disorders (SCI&D) Unit of 
the  Louis  Stokes  Cleveland De partment  of V eterans 
Affairs Medical Center (CVAMC). All patients with a 
stage III or IV pressure ulcer in the pelvic region or on a 
lower limb who could be positioned and remain motion-
less for photography were eligible to participate. Partici-
pants  were recruited sequentially on admissi on  to  the 
unit. Participants often had  more than one distinct pres-
sure  ulcer that   met  the inclusi on  criteria. Multipl e 
wounds from individual participants were accepted into 
the study.
The  institutional  review  board  of the CV AMC 
approved  the  study protoc ol.  Informed c onsent  was 
obtained from all participants before enrollment in the 
study.  Participants were a lso  asked  to s ign  standard 
Health  Insurance  Portability  and Accountability Act 
release and photograph permission forms. The support of 
the  participants’  attending  physicians  was obtained 
before the study protocol was initiated.
Data Collection
Two CVAMC wound-care nurses of similar training 
and  length  of exp erience  performed  the wound   assess-
ments. A third study team member scheduled the in-person 
assessments and took the digital photographs. The pressure 
ulcers included in the study were clearly identified through 217
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a descriptive text describing each wound’s location. The 
in-person assessments were made after the wounds’ dress-
ings  were removed and th e  wounds  were  cleaned  by  a 
standard clinical protocol.
All digital photographs used in the study were taken 
with the same camera (camera model FP-A210, FUJIFILM 
USA,  Inc; Valhalla,  New  York).  As  with  the  in-person 
assessments, the photographs were taken after  the dress-
ings  were  removed  and  the  wounds  were cleaned  by  a 
standard protocol. The removed dressing was placed next 
to the wound and incl uded in the photogr aph to facilitate 
evaluation of wound drainage (Figure 1). A 14 cm dispos-
able ruler was placed adjacent to the pressure ulcer to pro-
vide a reference for measuring the length and width of the 
wound. Adequate light was turned on in the room to ensure 
that the camera’s flash was not required. A  30 cm rigid 
plastic ruler was placed on end, perpendicular to the wound 
surface, at the right-hand side of the wound when standing 
at participants’ torso and looking toward their head (i.e., 
the ruler was placed at  the three o’clock position when a 
participant’s head was at the twelve o’clock position). The 
camera was then positioned parallel to the wound surface, 
with the back  of the camera aligned with the top of  the 
ruler. The resolution of the camera w as set to 1 Mpx and 
multiple photographs were taken. The photographs  were 
then reviewed and two, subjectively chosen as being the 
best  quality,  were  used  for the dig ital  photograph-based 
assessments.  To  minimize possible temporal changes in 
wound status that might influence the probability of agree-
ment  between  the two ass essment  methods, the nurses 
completed all in-person assessments within 24  hours from 
when the digital photographs were taken.
Wound Assessment
A standard wound assessment form, developed by the 
SCI&D Unit for clinical evaluation during pressure ulcer 
treatment, was used in the study. The assessment form 
included 39 wound description categories: 3 categories 
for length, width, and depth measurement; 1 category for 
wound drainage (ranging from “none” to “copious” on a 
6-point  scale);  8  categories  covering  exudate  type  and 
color (e.g., “serosanguinous”); 11 categories describing 
the wound bed (e.g., “beefy, red, clean tissue”); 5 catego-
ries  assessing  periwound  tissue  type  (e.g.,  “macerated 
[white,  moist skin,  overhydrated]”);  and  11  categories 
depicting  periwound  tissue co lor  (e.g.,  “within  normal 
limits for patient”). The nurses used calibrated scales  for 
the length and width measurements and were instructed to 
choose all the exudate type and color, wound-bed descrip-
tion, periwound tissue type, and periwound tissue color 
categories that applied to the wound under assessment.
The wound-care nurses who participated in the study 
used the assessment form extensively in their daily work. 
Nevertheless,  before initiation of  the study,  the nurses 
reviewed the form together and discussed the description 
categories. This step was taken as a final measure to level 
the training and knowledge of the nurses  in using the 
form for wound assessment.
To  further  reduce  potential  systematic  bias  in the 
nurses’ assessments, we considered randomly assigning 
the nurses to view the wounds in person or through the 
digital photographs taken. However, as multiple wounds 
were included from individual participants, it would have 
been difficult to prevent in advertent in-person exposure 
to  wounds that were   assigned  for  digital  photograph-
based assessment. Consequently, one nurse assessed all 
pressure ulcers in  person, while the second used digital 
photographs  of  the wo unds.  Outside  the  study,  the 
nurses’ exposure to wounds assessed under the study pro-
tocol was minimized.
Figure 1.
Example of method and q uality of photographs used in  digital photo-
graph-based assessment of wounds.218
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To investigate the influence of intrarater variation (i.e., 
when each nurse used both methods of assessment) and 
intramethod variation (i.e., when both nurses used the same 
method of assessment), we chose a random sample of 10 
wounds  (hereafter  referred  to as the  “double-rated 
wounds”)  for  repeated  assessment.  For  this subset of 
wounds, each nurse used both methods of assessment  (in-
person and digital photograph-based). To minimize bias in 
the repeated assessments, the nurses were asked to wait a 
minimum of 10  days between their in-person and  digital 
photograph-based assessments of the double-rated wounds.
Statistical Analysis
As described, our study design allowed us to investi-
gate interrater agreement f or all wounds included in the 
study and intrarater agreement and intramethod agreement 
for the subset of double-rated wounds (Figure 2). The 
intrarater agreement analysis for the nurses was combined 
and  reported a s  an aggregated  result.  The  intramethod 
analysis was performed separately for each method (in-
person and digital photograph-based assessments).
STATA  version  10SE  (StataCorp  LP;  College  Sta-
tion,  Texas)  was  used  for  all  the  statistical a nalyses 
reported. For the sample of wounds included in the study, 
some wound description categories were never chosen. 
Further, only length and width measurements were com-
pared  because  depth  measurements  were  not  possible 
with the simple digital photography used. Therefore, as 
described in detail in the “Results” section, our primary 
analysis of interrater agreement included only 24  of the 
39 description categories included on the standard assess-
ment form.
The  kappa  statistic  was  used  to investiga te  agree-
ment,  beyond  the  level  expected  by  chance,  for th e 
description  categories  chosen  by the nurs es  in their 
assessments. Kappa values were calculated for descrip-
tion  categories  under  the followi ng  headings: exudat e 
type and color, wound-bed description, periwound tissue 
type,  and  periwound  tissue  color.  For the analysis  of 
agreement  in ass essment  for the wound-drainage ca te-
gory,  adjusted  kappa  values  were  calculated. With  the 
adjusted kappa statistic, agreement is based on choosing 
the same level of drainage and, to a lesser extent, choos-
ing adjacent drainage levels.
To continue our analysis based on kappa values, we 
created a decision rule to determine whether agreement 
was  observed  in the   length  and width  measurements. 
First,  the dif ferences  between  the  wounds’  length  and 
width  measurements,  as  assessed  by the   nurses  using 
their  primary  method of a ssessment,  were  determined 
and the standard deviations of the dif ferences in length 
and width measurements computed. Using the standard 
deviation calculated, we deemed agreement between two 
assessments of length (or w idth) to have occurred if the 
difference between the two measurements was less than 
3 standard  deviations  in magn itude.  This  decision  rule 
corresponds  to  a  less  than 1 perce nt  chance  that two 
assessments of length or w idth would be judged to not 
agree, when in fact they do agree.
A significance cut-off of p  0.05 was initially used to 
evaluate agreement based on the kappa values calculated. 
However, 24 description categories were evaluated in the 
primary analysis of interrater agreement. Under this con-
dition of multiple testing, the risk of committing a Type I 
error is significantly increased. Therefore, a simple Bon-
ferroni correction to the significance level was used, with 
the significance of observed agreement also assessed with 
a stricter criterion of p 0.002 [16]. In addition, qualita-
tive characterization of the level of agreement was catego-
rized as either “slight” ( = 0–0.20), “fair” ( = 0.21–
0.40),  “moderate”  (  = 0.4 1–0.60),  “substantial”  (   = 
0.61–0.80), or “almost perfect” ( = 0.81–1.00), based on 
the work of Landis and Koch [17].
Figure 2.
Study design comparing pressure ulcer assessment by two  wound-
care nurses using in-person and digital photograph-based evaluation. 
*Results  for  intrarater  comparison  were  aggregated  across both  
nurses. Conversely, results for intramethod comparison were reported 
separately for in-person and digital photograph assessments.219
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For the subset of 10 double-rated wounds, some of 
the 24 wound description categories included in our pri-
mary analysis of interrater  agreement were infrequently 
or never chosen, resulting in insufficient data being avail-
able to measure agreement for these c ategories. Conse-
quently, our intrarater and intramethod analyses involved 
fewer description categories than our primary analysis of 
interrater agreement. However, the same initial and Bon-
ferroni-corrected  significance  cutoffs  and qua litative 
characterization of the level of observed agreement were 
used in the intrarater  and intramethod analyses as previ-
ously described for the primary analysis.
Finally, three additional CVAMC wound-care nurses 
outside  the study team independently re viewed  the 
wound assessment form and chose a subset of description 
categories  they  viewed  as  critical  for acc urate  wound 
assessment. We aggregated the nurses’ rankings to iden-
tify a final subset of critical  wound description catego-
ries. Assessment agreement for these critical categories 
was then highlighted in our analyses.
RESULTS
During  the 6-mon th  period  from  February  to July  
2005, 15 subjects were recruited with a total of 31 pres-
sure ulcers assessed under the study protocol ( Tables  1
and 2). Across all wound assessments, the nurses applied 
5 out of 8 exudate type and color categories, 8 out of 11 
wound-bed description categories, 4 out of 5 periwound 
tissue type categories, and 4 out of 11 periwound tissue 
color categories. With the inclusion of length and width 
measurements and assessment of wound drainage, a total 
of 24 wound description categories were included in the 
primary analysis of interrate r agreement (Table  3). The 
three  additional  CVAMC  wound-care  nurses identifie d 
11  of the se  categories,  specifically  the 1 1  categories 
included  under  the  length  and  width  measurements, 
drainage, and wound-bed description, as critical descrip-
tion categories.
Interrater agreement, beyond the level expected by 
chance (p  0.05), was observed for 50.0 percent (12/24) 
of  the w ound  description  categories  evaluated.  When 
only  the identified critical d escription  categories were 
examined, 72.7 percent (8/11) demonstrated agreement 
beyond chance. Kappa values ranged from only “slight 
agreement”  for  length  measurement  (  = 0.07 5, p = 
0.003) to “almost perfect agreement” for the presence of 
undermining  (  = 0 .853, p  <  0.001).  Just  six o f  the 
description categories with interrater agreement beyond 
chance,  however,  demonstrated  “moderate”  or better  
agreement. In general, higher levels of agreement were 
observed for categories describing exudate type and color 
(e.g., “green” [ = 0.635, p = 0.001]) and the wound-bed 
description (e.g., “eschar [thick, leathery, necrotic, black 
tissue]” [ = 0.763, p < 0.001]).
For the set of 10  double-rated wounds, the median 
time  between the nurses’ in -person  and  digital  photo-
graph-based  assessments  was  15.0 days (range 12.0–
42.2 days).  Twenty  wound  description  categories  and 
nine critical description categories were included in the 
assessment of intrarater agreement (i.e., when the nurses 
each used both methods of assessment). The observed 
intrarater agreement was similar to the interrater results 
(Table 3). Intrarater agreement above the level expected 
by chance (p  0.05) was demonstrated by 55.0 percent 
(11/20)  of  the des cription  categories  evaluated  and 
77.8 percent (7/9) of the critical wound description cate-
gories. Again, the observed kappa values ranged from 
“slight” agreement for  length measurement ( = 0.072, 
p = 0.02) to “almost perfect” agreement for the presence 
of serosanguinous exudate ( = 0.898, p < 0.001).
Seventeen  wound  description  categories and  eight 
critical description categories were included in the assess-
ment of intramethod analysis for the in-person assessments 
(i.e.,  when  both  nurses viewed  the  wounds in-person). 
Assessment  agreement  beyond  chance ( p   0.05)  was 
observed for 41.2 percent (7/17) of the wound description  
categories evaluated and 62.5  percent (5/8) of the critical 
description categories (Table  3). Analysis of intramethod 
agreement  for the digital  photograph-based  assessments 
(i.e., when both nurses used  digital photographs for their 
assessment) included 13 wound description categories and 
7  critical descrip tion  categories. For digital photograph-
based assessments, intramethod agreement  beyond chance 
(p    0.05)  was observed f or  38.5  percent  (5/13)  of the 
Table 1.
Overview of participants with spinal cord injury and advanced pres-
sure ulcers (n = 15).
Characteristic Value
Male, n (%) 15 (100)
Age (yr), mean ± SD 65.5 ± 8.6
Height (in.), mean ± SD 70.3 ± 3.3
Weight (lb), mean ± SD 171.1 ± 33.3
Note: For overview of participants’ pressure ulcers, see Table 2.
SD = standard deviation.220
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Table 2.
Location of pressure ulcers included in wound assessment study.
Wound Location Participant Identification No. with Wound at Location No. of Wounds at Location
Ankle 8, 10 2
Foot and Heel 11 (3 distinct wounds), 12 (2 distinct wounds), 14 (3 distinct wounds) 8
Ischium 1, 3, 6, 7, 10, 15, 13 (2 distinct wounds) 8
Knee 11 1
Sacrum and Buttock 1, 2, 4, 5, 9, 13, 15 (2 distinct wounds) 8
Thigh 11 1
Trochanter 1, 3, 8 3
Total 15 participants* 31
*For overview of study participants, see Table 1.
Table 3.  
Agreement between in-person and digital photograph-based wound assessment for description categories used in assessments.
Wound
Descriptor
Category
Kappa* (p-Value) and Agreement†
Interrater
Comparison
(n = 31)
Intrarater
Comparison
(n = 10)
In-person
Intramethod
Comparison
(n = 10)
Digital Photograph
Intramethod 
Comparison
(n = 10)
Dimensions
  Length 0.075 (0.003)
Slight
0.072 (0.02)
Slight
0.072 (0.07) 0.062 (0.12)
  Width 0.103 (<0.001)‡
Slight
0.110 (0.009)
Slight
0.149 (0.02)
Slight
0.0625 (0.13)
Drainage Amount (6 categories) –0.020 (0.60) –0.019 (0.55) 0.087 (0.196) 0.007 (0.46)
Exudate Type & Color
  Serous –0.062 (0.76) 0 (0.50) 0 (0.50) 0 (0.50)
  Serosanguinous  0.488 (0.002)‡ 
Moderate
0.898 (<0.001)‡
Almost Perfect
—
0.800 (0.005)
Substantial
  Green 0.635 (0.001)‡ 
Substantial
0.348 (0.02)
Fair
0.615 (0.017)
Substantial
—
  Yellow 0.036 (0.22) — 0 (0.50) —
  Other Color 0.213 (0.09) –0.154 (0.77) — –0.250 (0.78)
Wound Bed Description
  Pearly pink, clean tissue 0.276 (0.05) 0.200 (0.18) 0.210 (0.24) 0.210 (0.24)
  Beefy red, clean tissue 0.498 (0.001)‡ 
Moderate
0.474 (0.01)
Moderate
0.737 (0.008)
Substantial
0.210 (0.24)
  Yellow tissue with slough§ 0.397 (0.01)
Fair
0.519 (0.004)
Moderate
0.444 (0.04)
Moderate
0.600 (0.019)
Moderate
  Gray tissue with slough§ 0 (0.500) — — —
  Brown tissue with slough§ 0.350 (0.02)
Fair
0.773 (<0.001)‡
Substantial
0.615 (0.017)
Substantial
—
  Eschar (thick, leathery, necrotic,
black tissue) 
0.763 (<0.001)‡
Substantial
0.348 (0.020)
Fair
—
0.615 (0.017)
Substantial
  Undermining 0.853 (<0.001)‡ 
Almost Perfect
0.571 (0.005)
Moderate
0.737 (0.008)
Substantial
—
  Other 0.652 (<0.001)‡
Substantial
— — —221
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evaluated description categories and only 28.6 percent (2/7) 
of the critical description categories (Table 3).
DISCUSSION
Despite our attempt to control for possible confound-
ers that may influence wound assessment agreement, the 
observed interrater agreement for the two methods (in-
person and digital photograph-based) remained moderate, 
with only 50.0 percent of the wound descrip tion catego-
ries evaluated demonstrating levels of agreement beyond 
chance. The percentage of descriptor categories associ-
ated with assessment agreement beyond chance improved 
(72.7%) when a subset of critical wound description cate-
gories was examined. The observed interrater agreement 
in  our stu dy  was similar to the observed   intramethod 
agreement  when both  nurses used  in-person evaluation 
(41.2%  of  all  description  categories  and  62.5%  of the 
critical description categories).
These  results  may appear counterintuitive. Specifi -
cally,  one  might  expect asse ssment  agreement  to be  
substantially  lower when ea ch  nurse  used  a  different 
method  of assessment than wh en  both  nurses  used  the 
same method. Kim et al. also found results similar to our 
own [12]. Our comb ined results suggest that variation in 
an individual’s subjective perception of qualitative wound 
characteristics  may drive the  observed  interrater dif fer-
ences in assessment. Such variation may be expected when 
assessors  of  different  experience levels  and training are 
involved in wound assessments 12. However, this varia-
tion appears to persist, as in our study, even when assessors 
of similar specialized trai ning and long length of experi -
ence are used.
Wound
Descriptor
Category
Kappa* (p-Value) and Agreement†
Interrater
Comparison
(n = 31)
Intrarater
Comparison
(n = 10)
In-person
Intramethod
Comparison
(n = 10)
Digital Photograph
Intramethod 
Comparison
(n = 10)
Periwound Tissue Type
  Erythematous (red, inflamed) 0.048 (0.38) –0.091 (0.72) –0.154 (0.70) —
  Macerated (white, moist skin,
overhydrated)
0.271 (0.065) 0.400 (0.03)
Fair
0.200 (0.24) 0.600 (0.03)
Moderate
  Denuded (loss of epidermis) 0 (0.50) — — —
  Intact (with normal color for
ethnic group)
0.303 (0.02)
Fair
–0.034 (0.62) 0 (0.50) 0 (0.500)
Periwound Tissue Color
  Within normal limits for
 patient
0.386 (0.01)
Fair
0.634 (0.001)‡
Substantial
0.545 (0.03)
Moderate
0.737 (0.008)
Substantial
  Pink 0.266 (0.07) 0.286 (0.098) 0.210 (0.24) —
  Red –0.058 (0.69) 0 (0.50) — —
  Other –0.084 (0.68) –0.081 (0.67) –0.154 (0.70) —
Note: Two Department of Veterans Affairs wound-care nurses assessed 31 wounds among 15 participants. One nurse assessed all wounds in person, while the sec-
ond used digital photographs. For 10 randomly selected wounds, both nurses applied both methods of assessment. Fewer wound descriptor categories were evalu-
ated for the subset of 10 wounds because some categories were never chosen or chosen infrequently, and as a result, agreement could not be measured. Wound 
descriptor categories with insufficient data for analysis are marked with “—.”
When difference between agreement observed and agreement expected by chance was significantly different based on a significance level of p < 0.05, kappa value 
is shown in bold. 
General description areas ranked by three independent wound-care nurses as most critical for accurate wound assessments are highlighted in gray.
*Adjusted kappa values are shown for drainage categories. Adjustment process gives partial credit when raters choose adjacent categories. Unadjusted kappa values 
are shown for all other assessment categories.
†Qualitative descriptors of level of observed agreement (e.g., slight, fair, moderate, substantial, almost perfect) are based on Landis RJ, Koch GG. The measurement 
of observer agreement for categorical data. Biometrics. 1977;33(1):159–74. [PMID: 843571]  DOI:10.2307/2529310
‡Due to multiple testing, Bonferroni correction to significance level is suggested. Kappa values shown in bold, followed by “‡” meet more conservative, higher cut-
off in significance of p < 0.002.
§Slough is defined as loose, soft, stringy tissue.
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When both nurses involved in our study assessed the 
subset of double-rated wounds through in-person evalu-
ation,  similar agreemen t  was observed as when both 
nurses used digital photograph-based assessment (41.2% 
vs 38.5% of description categories). This finding is not as 
surprising. The nurses assessed the do uble-rated wounds 
in-person before using the digital photographs later for 
their repeated assessment. Although we required a 10-day 
minimum  wait between assess ments,  some carry-over 
between the two assessments was likely.
Still, the only analysis to show worse performance for 
the subset of  critical description categories (i.e., catego-
ries  under  the h eadings  of  dimensions,  drainage,  and 
wound-bed description) was intramethod agreement for 
the digital photograph-based assessments. The media used 
to portray an image c an affect an individual’s subjective 
perception of the image 18. As a result, greater variation 
could  be  expected  when  digital  or o ther  photographic 
media are used than with live (in-person) viewing.
STRENGTHS AND LIMITATIONS 
The primary strength of our study was our attempt to 
control for possible confounding factors that could influ-
ence the level of assessment agreement observed.  Spe-
cifically, our study was designed to use wound assessors 
of similar training and length of experience in the assess-
ment  of etiolo gically  similar woun ds  of co mparable 
severity from the same patient population and employing 
a strict protocol to minimize the influence of rec all bias 
and possible temporal changes in wound characteristics. 
By focusing on the internal validity of our study, how-
ever, we compromised the generalizability of our results, 
specifically  to other  wound-care  professionals,  patient 
populations,  and  wound  etiologies  and  severities.  Fur-
ther, a stronger experimental design that addressed differ-
ences  in  rater  experience  and tra ining  would ha ve 
included randomly assigning the nurses to in-person or 
digital photograph-based assessment for each wound. We 
chose to assign each nurse to a primary method of assess-
ment to minimize the likelihood of inadvertent in-person 
exposure to wounds that were assigned for digital photo-
graph-based  assessment  on  participants  with  multiple 
wounds included in the study. To reduce the potential for 
bias, we actively worked to level the nurses’ training and 
knowledge. We purposefully chose to use the standard 
assessment form used by the nurses in their daily work 
and reviewed its application with the nurses before initi-
ating the study.
Conversely,  use  of  the  lengthy wound as sessment 
form,  developed  specifically  for th e  SCI pop ulation 
served by the SCI&D Unit, may be viewed as contribut-
ing to the limited generalizability of our findings outside 
the study setting. The assessment form included a rela-
tively  high  number of wo und  description  categories, 
some of which may be viewed as overlapping options. In 
addition, several of the description categories were never 
chosen, or chosen at an insufficient rate, for measurement 
of assessment agreement for our study sample.
Further,  although  all th e  wounds  included  in th e 
study were stage III or IV pressure ulcers associated with 
SCI and disability (i.e., no diabetic ulcers were included), 
wounds located in both the pe lvic region or on a lower 
limb were included. As a result, variation in wound loca-
tion may have confounded our results. Our sample size  
was also relatively small and our analysis did not address 
the clustered nature of the  data, with multiple wounds 
included from individual participants.
In the future, an abbre viated assessment form may 
increase reliability in wound assessments. However, Tsai 
et al. observed similar results to our initial analysis when 
only four wound characteristics were included in digital 
photograph-based  assessments  [10]. Spec ifically,  when 
the  assessments  of  three physicia ns  were  evaluated, 
observed agreement ranged from  = 0.44 (p  0.05) for 
the presence of erythema to  = 0.73 (p  0.05) for the 
presence of gangrene.
In Tsai et al.’s study [10], despite the observed wound 
assessment differences, agreement in treatment recommen-
dations occurred in 83 percent of cases when recommenda-
tions  based  on  in-person  and digital ph otograph-based 
assessment were compared. In ou r study, wound monitor-
ing over time or potential treatment decisions based on the 
study  assessments were  not  investigated.  Therefore,  we 
cannot  draw  similar  conclusions  as  to  the  effect  of  the 
observed assessment disagreement on treatment  pathways 
or outcomes.
CONCLUSIONS
Our results support the use of digital photograph-based 
assessments  of  wound  status in em ploying  telehealth 
approaches to stage III and IV pressure ulcer management. 
Persistent differences in assessors’ subjective perception of 223
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qualitative  wound cha racteristics,  whether viewed  in-
person  or throug h  digital pho tographs,  may  influence 
wound assessment agreement. Assessment agreement may 
be  improved  by  movement  toward  automated  wound 
assessment systems in the future.
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